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pulse. When sensing for AO (the main current pulse) the generators and electrical cable to be able to communicate 

control unit will detect the distinct voltage pulses generated at with the robot. If ihe period is wrong the detecting window 

tliecoiliWhichcorrespondstotheedges(£lanks)ofthecurrent will continuously be dislocated and the sensing system will 

pulse. In FIG, 10 this is further illustrated. detect at the wrong time. Thereby, the control unit will not be 

Thismeans thatthecontrolunit 12 can;determinehow long 5 able to detect any magnetic pulses from the electrical cable, 

a characteristic current pulse is and how long the state of rest What is the purpose with this communication between the 

between two current pulses is. This is achieved since the electrical cable 1 ,4,5,6 and the robot, and why is it so impor- 

control unit from an occurring positive voltage pulse deter- tant that this works? The main purpose is to control the 

mines that a current pulse starts alternatively ends and from movements of the robot in relation to a surface. IThs means 

an occurring negative (opposite) voltage pulse correspond- 10 that in the illustrative embodiment, the robot should be able to 

ingly determines that a cuixent pulse instead ends or alterna- stay within an area surrounded by the outer electrical cable 1 

tively starts. How this is aclue\'ed will be described later on. and/or areas surrounded by the electrical cables 4.5,6. In the 

Features which will make the control unit invert or amplify preferred embodiment, the signal generator 3 transmits the 

the signals received by the receiver 11 in order to improve its pulses AO through cable 1. The sensing system 11. 12. 13 of 

determination capacity are considered to fall within the scope 15 the robot deiecis .AO and adjusts its period bused on the infor- 

of the invention. The inventjon in its broadest embodiment mation carried by .-\0 (see FIG. 6-7). 1 he ]act that AO exists is 

comprises a control unit 12 which can detect the voltage therefore necessary- in order for the conmiunication. 

pulses and thereby get a picture of the received magnetic field. Since the robot 2 can detect the field intensity of AO, it will 

which corresponds to the combination of current pulses and know when it approaches the cable 1. When the receiver 11 

states of restforacurrentsignaltransmittedinacablel.4,5,6. 20 has crossed the cable 1 the magnet field which the sensing 

Tlie control unit 12 initiates the algorithm (see FIG. 6) by system 1 1,12,13 detects will switch to the opposite direction, 

enabling for the detection of tike flanks of fte current pulses see FIG. 5. The control unit 12 will thereby instead detect a 

transmitted by the signal generators 3,7,8^ which flanks car- negative voltage pulse when a current pulse starts and a posi- 

rjes information about the magnetic pulses. The reason is to tive voltage pulse when a current pulse ends. The characters 

start detecting the appearance of mains pulses AO. 25 chosen, positive andnegative. on each side of the cable is only 

Whenthevoltage pulses ofthe magnetic pulses 20,22.24. inlcnded to illustrate the opposite directions of the magnet 

26 have been received, the sensing system 11,12,13 deiuics field. It is very much possible that the voltage pulses gener- 

the distm.cejn time between a positive voltage pulse and an ated have an opposite direction, meaning a positive voltage 

aftertpoming negative voltage pulse or vice verse. Since the pulse when a current pulse starts and a negative positive 

sensing system at this point of time only detects 100 fis ,30 voltage pulse when a current pulse ends, 

current pulses, the control unit 12 is enabled to synchronize In FIG. 1.0 the situation is clearer illustrated, In the upper 

with thesignals from the signal generators. For safe^ causes, diagram two current pulses 45 (no push-pull shown) are 

the sensing system starts detecting 30 fis 29 before the point of shown. These pulses have leaning sides (flanks) which is 

time when the front flank ofthe pulse AO should occur, seethe caused by and illustrates the inductance in the cable. This 

lower diagram in FIG. 2. When the control unit has reaKsed 35 means that the cable is "current slow". When the robot 2 

that the pulse occurring is an AO pulse, and when the unit moves find crosses a cable the sensing system 11,12,13 will 

before this has detected another AO pulse, the unit will adjust detect this as if the magncuc tield generated by flie cuixent 

its period based on the iniormation from, the pulse flanks. pulses switches direction. The pulses 50 illustrated the field 

FIG. 7 shows how the control unit 12 synchronizes the direction detected by the sensing system when the system is 

sensing system 11,12,13 which synchronization corresponds 40 on one side of the cable and the pulses 50' illustrates the 

to the cooperation between the robot 2 and the signal genera- detected field direction when the system is on the other side of 

tors 3,7,8. Hie control unit continuously detects .A.0 pulses said cable. The magnet field is indicated as B (measured in 

and adjusts its period based on this information. Since the Tessla) and ihe magnet field pulses 50/50' has the same 

control unit only detects pulses during cenain time intervals, appearance as the current pulses 45. 

forinstanceinlhe window 28,29 of FIG. 2. it is important that 43 In thenext diagram below, the voltage in the receiver coil is 

the period forthe sensing system corresponds with the period illustrated. The voltage is illustrated simplified as the voltage 

for the signal generators. In order to avoid, that a disturbing pulses 46-49 in the diagram. U represents the voltage level, 

noise AO pulse from an external, source: should, disturb the Theinduced voltage pulse depends on the time derivate of the 

search system, the adjustment of the period for the sensing magnet field, which was described earlier, and has in reality a 

system is made step by step. 50 more complicated appearance. 'Ihe solid-drawn line voltage 

One lonely AO pulse within the time interval of 30 |is pulses 46-47 are induced by the magnet field pulses 50, The 

defined by 28 and 29 in FIG, 2 should not be able by its own pulses 46 are induced when its magnaiic field pulse starts at 

to actuate tlie synchronization of the sensing system, since the beginning of the positive leaning flank ofthe pulse, and 

this pulse may be a noise signal from an :KctemaL system. the pulses 47 are induced when the magnetic field pulse ends 

Therefore the period for the sensing system 11,12,13 is 55 at the beginning ofthe negative leaning flank ofthe pulse. The 

adjusted based ona part of tlie divergencebetweenthepresent broken Ime voltage pulses 48-49 are induced by the magnetic 

period calculated by the sensing system and the actual period fieldpulses 50' . The pulses 48 are induced when the magnetic 

definedbytheAOpulses transmitted by the signal generators. field pulse starts at the begiiming of the negative (negative 

Therefore, several "true" AO have to be detected before the since the pulse is negative) leaning flank ofthe pulse, and the 

period of the sensing system is finally adjusted. The risk of 60 pulses 49 are induced when the magnetic field pulse ends at 

several disturbing noise pulses occurring after each other is the begiiming of the positive leaning flank of the pulse (posi- 

considered as very low. For safety causes the algorithm will tive since the pulse is negative). This means that the voltage 

be activated only i f the counted accepted pulses goes down. pulses switches direction when the signal system crosses the 

The reason is to avoid that the sensing system continuously cable. 

operates at the wrong period. 65 In the lowest diagram in FIG. 10, it is illustrated how the 

It is important that the period for the sensing system 11,12. sensing .sy.slem 11.12,13 generates (defined as " V in the 

13 is right. This is a necessaty condition in order for the signal diagram) a signal based on the occurrence of the voltage 
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pulses46-49. ITie width of the pulses 51/51' gives a simplified 
picture of the situation. 'ITie width of the pulses 51/51' illus- 
trates the detected time period: between the point of time 
when a cittrent pulse starts and the point of time when it ends. 
This means that the sensing system knows the width of a 
c urrent pul se and the width of the timeperiod during wliicli no 
pulse occurs . 'Ilie pulse 51' illustrates thefact that the sensing 
system detects that the current pulse switches direction when 
the system crosses the cable. 

In the diagram this is illustrated by the fact tiiat the pulse 
can be found below the solid-drawn time axis "t". If the time 
axis is lowered, corresponds to the broken line axis, so that the 
lowest side of the pulse 51' touches the time axis, the sensing 
system will instead understand the absence of pulse 51/51', as 
a pulse. See the solid-drawn line 52. It is possible theoreti- 
cally to illustrate how the sensing system 11,12.13 can detect 
tlie information brought by the voltage pulses. Lowering or 
raising the time axis is only a definition of where Uiereferaice 
is defined and does not change the fact how the sensing 
system detects the situation that has arisen. 

Tlie characteristics, as being detected by the sensing sys- 
tem, of the current pulses will therefore varv' and depend on 
which side of a cable 1,4.5,6 the receiver 11 is positioned. 
This means that the sensing system when it crosses a cable 
will detect that the pulse ratio between time periods when a 
pulse occurs and time periods with a state of rest will change. 
This change in ratio can be used by the sensing system 11,12, 
13 in order to come to the conclusion on wiiich side of the 
cable it is positioned. Hie sensing system will then, based on 
the signal defined as 'T' in FIG. 10, generate fiirther signals 
which in the end is transmitted to the motor unit 13 in order to 
operate the robot in a certain way. 

Knowmg about this the control unit 12 could operate using 
an algorithm that enables for the robot to stay within area 
stirroundedby the outer electrical cable 1. The unit will, if the 
robot moves out of an area, in such cases control the move- 
ments of the robot so that it moves back into the area inside 
which itis intended to operate. Such a movement is shown as 
30 in.FIG. S. One alternative algoritlim could enable for tlie 
robot to .show a movement according lo 31 in FIG . 8, which 
means that the robot moves along an electrical cable. The 
zick-zack movement is inreality very limited. Using sensitive 
components and a good algoriliim reduces the zick-zack 
behaviour when the robot follows the cable. 

ITie invention, as shown in the illustrative embodiment, 
operates with 100 us and 50 (.is current pulses and a period o i 
12 ms. -Ajiother way of defitting tills is an asymmetric duty 
cycle. DnV)' cycle then refers to the division between current 
pulses as states of rest during a period of 1 2 ms . This division 
or ratio could be expressed as a quota or a percent. An asym- 
metric duty cycle means that the ratio between time periods 
with current pulses and time periods with states of rest over 
one 12 ms period differs from 50% or 1/1. An asymmetric 
duty cycle means that the division between If only one 10G>is 
pulse occurs dunng a 12 ms ncriod the division will be 1/120 
or 0.8%. 

As mentioned earlier, the person skilled in the art will 
realize that the present invention as disclosed in the present 
application also comprises cases where the division can differ 
from the one shown. Since the illustrative embodiment com- 
prises a signal with an asymmetric dutj' cycle, the control unit 
12 will detennine a clear ciiange in ratio when the robot 
passes across a cable 1,4,5,6. The control unit will determine 
that theratio changes from l/120to 120/1 or correspondingly 
from 0.8% to 99.2%. The changed division obviously indi- 
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cates that a cable has been passed. This information may be 
used by the control unit 12 in order to navigate the robot in 
relation to a cable. 
The signals S1-S3 22,24,26 in FIG. 2 have been mentioned 

5 earlier in the application. They have a width of 50 jts not to be 
conlused with the 100 tis AO that the sensing system uses to 
synchronize with the signal generators. The 50 us pulses have 
the same period 21 and are s"ynchronized m relation with .AO, 
and if the sensing system detects iheir appear;mce (the detect- 

10 ing can be adapted for the number of electrical cables used) it 
can open detection windows 28 in order to receive these. The 
pulses S1-S3 are not used when synchronizing the sensing 
system in relati on to the signal generators . Tlierefore, the only 
information necessary from these are the direction of the 

15 detected magnetic field and its intensity. One first purpose 
with these 50 \is pulses is to enable for the robot to move and 
navigate in relation lo other electrical cables 4, 5, 6 than the 
outer cable ! . 

In FlCj . 8 tin s for mstance means that an algoritlim working 

20 with S2. transniuied liirough cable 5. will operate the robot to 
navigate in a ceriam motion represented by 32 . 1 he algonilim 
will .g^jsute that the robot follows the cable m a certain 
direction. The algonthm can for mstance be used if the signal 
generator 7 is also equipped wifli a charge station tor the 

25 batteries of the robot. ITie robot would, usmg another algo- 
rithm, listen for S3 and move within an area surrounded by the 
cable 6, see movement path 33. Iliis could be useftil if a 
certain area requires higher intensity- of treatment, for 
instance cutting if it refers to an automatic lawnmower. 

30 In order to enable for the sensing system to decide which 
algorithm it should use when it detects signals, more pulse 
signals could be used. Since the period for the search system 
is 12 ms and the time interval for one pulseis only 50-100 jis, 
there is plenty of room left for more pulses. Using another 

35 signal, for instance SI, enables for the search system to send 
messages between the robot and the signal generators. Tlie 
sensing system will listen for SI and each SI pulse then 
represent a digital number 1 or 0. Using a group of eight after 
each other appearing periods in order to transmit a coded SI 

40 message will enable for the generator to activate a certain 
algorithm on therobot. If anotherelectrical cable is comiected 
to the system later on more space in the period can be used to 
transmit fiirther messages from the signal generator using thi s 
cable. One example of such a communication is when the 

43 sensing system 11,12,13, confirms that the signal generator 
actually transmits pulses. ITiis guarantees that a power cut off 
to the signal generator will not cause any problems. 

Other options could be to allow the robot to transmit sig- 
nals back to the sigmil generators. By doing tMs, a two-way 

50 communication is enabled which can be used for various 

Possible uses for this kind of robot according to the illus- 
trative embodiment is for treating robots, such as robotic 
vacuum cleaners Of robotic lawnmowers. Such robots contain 

55 treatment tools suchas knives or brushes. In such applications 
it is possible to allow fhecontiol unit 12 to operate those tools 
based on information transmitted by the signal generators. 
For instance, the knives may be shut off at certain occasions or 
movements. Otiier kind of robots using the present invention 

60 could be cleaning robots for wet cleaning of larger floor areas, 
for instance in industrial environments. The kind of robot in 
which the search system is used is not that essential, meaning 
that the application concerns the .search system. 

The illustrative embodiment relates to a search .system with 

65 four electrical cables, three signal generators and one robot. 
The task of the illustrative embodiment is to explain the scope 
of the invention. The embodiment should tlierefore be under- 
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stood as a limitation of the invention. Within ilio scope of the 
inveation also lies the possibility of adapting anottier number 
of cables and/or signal generators, and maybe also use more 
than one robot. Further embodiments is considered to be 
enclosed by the scope of the invention as defined according to ; 
claim 1. The invention is therefore not limited to flie above 
mentioned and in tlie figures illustrated embqdimenljilt can 
instead be used in any area within which a search system for 
automatic apparatus on wheels such as a. robot may be used. 



The: 



medis 



1. Method for operating an automatic device (2) by means 
of an electronic directing system, said system comprising at 
least one first electrical cable (1.4,5.6) connected to at least 
one first signal generator (3,7.8; and at least one sensing 
system {11,12,13) arranged on said device (2), said sensing 15 
system (11^12,13) detecting at least one magnetic field being 
transmitted via said cable (1,4,5,6) and propagating through 
tiie air, the sensing system transmitting a processed signal to 

at least one driving means which contributes to the move- 
ments of said device in relation to a surface, 20 
characterized in that said first signal generator (3,7,8) 
transmits a current through saidfirst cable (1,4,5,6), said 
current during a part of time is in a state of rest were it is 
substantially constant, said state of rest periodically 
being interrupted by at least one first characteristic cur- 25 
rent pulse (20) and that said sensing system (11,12.13) 
synchronizes the time intervals (28,29) within which the 
system (11,1243) detects magnetic fields based on the 
properties of said first current pulse (20), said first cur- 
rent pulse being transmitted through an electrical cable 30 
(1) that substantially demarcates the area within which 
the automatic device (2) intends to operate. 

2. Method according to claim 1, characterized in that said 
sensing system (11,12,13) adapts the time intervals (28,29) 
within wiiich the system (11.12,13) detects magnetic fields 35 
based on the properties of said first current pulse (20). 

3. Method according to claim 2 characterized in that said 
adaptation refers to the synchronization of frequency at 
which said sensing system (11,12,13) operates, which is 
being made by said system (11,12,13) based on said first 40 
current pulse (20). 

4. Method according to claim 2. characterized in that said 
adaptation refers to the synchronization of said time intervals 
(28,29), which is being made by said sensmg system (11,12, 
13), is based on the periodicity, time occurrence and/or the 45 
durability of said first current pulse (20). 

5. Method according to claim 2, characterized in that said 
time intervals (28,29) are being adapted so that the sensing 
system (11,12,13) is able to detect the presence of current 
pulses (20.22,24,26) transmitted from said directing system, 50 
said sensing system (11,12,13) during the await of the next 
pulse (20,22,24,26) to appear disregards pulses occuniag 
outside said time iutervals (28,29). 

6. Method according to claim 1, characterized in that the 
current in each of said electrical cables (^1.4.5.6! is bemg 55 

itted by one of said signal generators (3.7.81. said 
3r (3,7,8) synchronizing c;ich current pulse (20,22,24, 
26) it transmits with other current pulses (20,22,24,26) in the 
search system, m that no current pulses (20,22^24,26) in the 
search system will occur at the same point of time within the 50 
same period (21). 

7. Method according to claim 1, characterized in that the 
current in each of said electrical cables (1,4,5,6) is being 
transmitted by one of said signal generators (3,7.8). said 
generator (3.7,8) synchronizing each current pulse (20,22,24, 65 
26) it transmits with other current pulses (20,22,24,26) in the 
search system, m that the time distance between each current 



pulse (20,22,24.26) occurring in said search system is large 
enough so that signals generated in the sensing system (11, 
12.13) tk)t originate from a current pulse (20,22,24,26) has 
partly decayed before generated signals that origuiate from 
another current pulse (20,22,24,26) occurs. 

8. Method according to claim 1, characterized in said cur- 
rent in more than one electrical cable (1 ,4.5.6") i.s irans.miited 
firom the same signal generator. 

9. Method according to claim 1 . characterized in that said 
current has the same period (21) inrespective of the electrical 
cable (l,4j5,6) through which it is transmitted. 

10. Method according to claim 1, charactaized in that the 
period (21) for the search system is selected by the user of the 
search system. 

11. Method according to claim 1, characterized in that 
every current pulse (22,24,26) has a by tlie search system 
defined time of occurrence adapted to said first current pulse 
(20). 

12. Method according to claim 1, characterized in that a 
transmitted current pulse (20,22,24^26) in ^ch electrical 
cable (1,4,5,6) contains a course of events in time where the 
pulse is positive and negative in relation to said state of rest for 
the current. 

13. Method according to clakn 1. characterized in that said 
first current pulse (20) has a pulse characteristic which differs 
from the characteristic of other current pulses (22,24,26) in 
the search system. 

14. Method according to claioi 1, characterized in that said 
sensing unit (11,12,13) detects the magnetic field (20i22,24, 
26) transmitted from at least one of said electrical cables 
(1,4,5,6) in the whole area in which the device is intended to 
operate. 

15. Method according to claim 1, characterized in that at 
least one of said electrical cables (6 ) is connected duecfly to 
one of said other electrical cables (1). 

16. Method according to claim 1, characterized in that the 
sensing unit (11,1243) only detects flie magnetic field trans- 
mitted fi-om one of said electrical cables (1,4,5,6) in a part of 
the area in which the device is intended to operate. 

17. Method according to claim 1, characterized in that at 
least one signal generator (3,7,8) transmits information to the 
sensing system (11.12,13) through a selective change of the 
properties of an information current pulse (22,26) from 
period to period, said information current pulse (22,26) 
occurring in an electrical cable at a certain point of time in 
relation to tlie first current pulse (20). 

18- Method according 10 claim 17 cliaracterized in that said 
selective change ol the properties for the mfomiation current 
pulse (22,26j constitutes in a choppy current direction. 

19 . Method according to claim 1 7 characterized in that said 
selective change of the properties for the information current 
pulse (22,26) constitutes in selectively inhibited current 
pulses. 

20. Method according to claim 1 7 characterized in that said 
selective change of the properties for the information current 
pulse (22,26) constitutes in current pulses with selectively 
different pulse width. 

21. Method according to claim 17, characterized in that 
different operations are activated at the device (2 ) based on 
said information, said operations for instance being a regula- 
tion of the movements of said device (2) across the surface in 
relation to an electrical cable (1.4.5.6). 

22. Method according to claim 1, characterized in that the 
sensing system (11,12,13) only detects ciurent pulses (20,22, 
24,26) if fliey constitute in magnetic field pulses with one 
essential field direction. 
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5 TECHNIC.AX FIELD 

Tht present invention, relates to a method and an electronic seai-ch SA^stem for operating 
an automatic device, preferably an autoraatie lawnniower. The system comprises at least 
one first eiectrieal cable conaeGted to at least diie first signal generator and at least one 
sensing, system, arranged on said device. -Said, sensiiig system detects at least one 
10 magnetic field, being transmitted via said cable and propagating tiirough the air, the 
sensing system transroitting a processed signal to at least one driving means whicli 
contributes to the . movements of said device in relation to a surface. 

BACKGROUNiE) 

15 The idea of developing working tools that can work automaticaliy is old. Such tools are 

for instance robots for vacuum cleaning or to cut grass. Despite the fact that this is an 
old idea, such tools have not reached the consumer until recently. One example is the 
robotic vacuum cleaner Trilobite^'^ and the automatic lawnniower Automower"^". Both 
of these treat (cut or clean), a surface by moving m relation to it within the area that 
20 should be ti-ested. 

In order to keep the robot within the area ihst should be treated search systems have 
been developed. These systems consist in at least one electrical cable together with a 
sensing system in the robot that detects signals transmitted by the cable. The cable/ -s is 

25 for instance arranged in order to define a borderline which the robot is not aIiov*red to 
pass so that it leaves the area it should treat A rbbotio vacuum cleaner normally only 
uses such cables in door openings and at stairs since it normally works inside a room 
surrounded by walls. If the vacuum cleaner should operate id a very large room, cables 
dividing the room into different areas could' be used. Roboiic iawmnowers on the other 

30 hand do not work in areas defined by walls, rherefore, electrical ea.bies defining the 
area or areas hiside which the robot should operate are needed. 

Such cables and also certain cables used v,dth robotic mcuum cleaners can consist in 
permanem magneis or elecmcal cables through which an electric current ma}' be 
transmitied. 
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The sensing system, Eormally consist in. at least ons reGeiyer imit that detects magnetic 
signals, a control imit connected to the receiver wbich process the received signals and a 
motor unit connected to the control unit which controls the movements of the robot. The 

5 system detects tiie variation in field intensitj^ (the field being generated by the current or 
the permanent ffiagnet} when the. robot approaches the cable. The control unit, processes 
the information and decides, depending, oh the :fi3ncti.on activated, to operate the 
movement of the robot by operating the motor unit. For instance, tiie system can. prevent 
the robot frdih moving out from the-area wMcb it shoiid treat or make.it move along a 

10 cable. 

A. scarcity with present search Systems for automatic robots is that they use an 
uninterrupted current (such as one or several smus waves) in order to generate the 
magnetic signals. The magnetic fields that the current generates propagate in Ihe whole 

15 area or parts of the area witmn which the xobot intends to operate. If any othex magnetic 
field, for instance generated by another electrical cable arranged near the area, 
propagates in the same area the sensing system will detect this field. Such disturbing 
field can confuse the sensing system and thereby Gause operating problems for the 
robot. Especially signals from other similar search systems, such as the next-door 

20 neighbours' system, could cause such operating problems since both systems may 
operate within the same frequency band. The search systems will interfere wth each 
other since the fields aire added. Another problem with present search systems is that the 
costs for sinus wave systems has increased smce these often requires trrmmmg of the 
frequency defining components. The present invention has been developed in order to 

25 solve the a-bove-mentioned problems- 

SUMMARY OF THE PRESENT INVENTION 

The present mvention relates to a mdkod and an electronic search system for operatmg 
an amomatic device, preierabh' an automatic iavvTmiower. Tfie system comprises ai least 
30 one first electrical cable connected to at least one first signal generator and at least one 
sensing system arranged on said device. Said sensing system detects at least one 
magnetic field being transmitted via said cable and propagatmg tnrough the air, the 
sensing svstem transmitting a processed signal to at least one driving means whicn 
contrioutes tc the movemsnts of said de^'ice in relation t: a surface. Saia signa. 
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generator of the present invention furtier transmits a Gnrrent througn said first cable, 
said cicrent during a part of time being is in a state of rest were it is stibstantially 
constant, said, state periodiGally being interrupted by at iei^t oiie first characteristic 
currentptilsB. 

DESCRIPTION OF DRAWINGS 

The invention will be described- in. form of a preferred :embodiinent by maldng xeferenee 
to the accompanying drawings, in which: 

10 Fig. 1 shows a search, system according to the present invention 

Fig, 2 shows a, diagram of signals hi the search system according to fig. 1 . 

Fig. 3 shows an automatic device for the search system according fig. 1 . 

15 

Fig. 4 shows an illustration of the magiieiaC fields for an. electrical cable as part of the 
search system according to fig. 1. 

Fig. 5 shows an illustration of the magnetic field for different .electrical cables as part of 
20 the search system according to fig. 1 . 

Fig. 6 shows a flowchart of an algdfitoi for the search sysieim according to fig, 1 . 

Fig. 7 shows another flowchart of an algorithm for the search system according to fig. 1. 

25 

Fig. 8 shows different movement: paths for the amomatic device in the search system 
according to fig. 1. 

Fig, 9 shows push-pull in the search system according to fig, 1, 

30 

Fig. 10 shows how the sensing system determines an current pulse. 



DESCRIPTION OF AN nXDSTRAIWE EMBODIMENT 

The figures show an illustrative embodiment of a search system according to the present 
invention. The illusirative embodiment should not be read as a restrietion of the scope 
of tlie invention, smce its purpose only is do illustrate one embodiment within the land 
5 of search systems the present invention relates to. Tne purpose of the embodiment is to 
illustrate the scope of the invention. 

In fig, 1 a seai-ch system is shown. The system consists m an outer search cable 1 
intended to enclose the area within which the robot 2 should move and operate. The 

10 outer cable comprises an electrical cable mid a signal generator 3. The generator 
genexa.tes signals in., the form of an electric current which is transmitted through, said 
cable, the system of the illustrative embodiment moreover comprises three other search 
cables 4 - 6, which also consist in electrical cables. One of these 4 uses the same signal 
generator 3 but the otliors .5 - 6- each has one slave signal generator 7-8 each which 

15 generates the signal in the caible. The slave generators are connected to the outer cable 1 
in order to synchronize to the signals of the generator 3 of the outer cable. One 
alternative is to synchi-onize the generators using another type of communication, for 
instance radio signals. The cables shown ext^d erossing each other in order to farther 
show the benefi:t with the system according to the present invention. 

20 

In fig. 3 the robot is sho\'v'n. It comprises one sensihg s}'stem 11T2,13 as part of the 
search system. Moreover, the robot has wheels 1 0. The sensing system of the illustrative 
embodiment, which normally consists in one common unit hnplemented into the robot, 
comprises means 11 (from now these means: is defined as the receiver) for detecting a 
25 magnetic field, a control unit 12 processhig the received magnetic field iiiforination, 
w^hich is then connected to a motor unit 13. In fig.. 3 the recdver, the control unit and 
the motor unit are^ shown separated firom each, other in order to illustrative tiie different 
functions of said sensing system. 

30 Tne figures show liis umts separateci. but m modem systems at ieasi some ol them can 
be read as luncuons. smce software normally is mvoived to acmeve tnese fonciions. Tne 
sortwaxe system, eompnsmg a microcompuier. uses some extra components in order to 
fuif.: ITS tasL Sucii l component couid be me receiver normal!} comprises one coll 



flactuations of the magnetic field and generates an eleetrical voltage at the gqII. The 
control unit receives these generated electrical sigaais and processes it. Based on the 
processed irjformation the sensing system:, using ihe motor tmit, operates the motors by 
which the wheels 1 0 are driven A control nnit for this kind of robot of course also could 
5 have otiier tasks, such as controlling treating tools,; such as cutting knives etc. mounted 
into tiie robot. In order to manage the prQcessing, the control unit 12 uses memory units 
in which software data is stored. The most important task for the Gontrol iii relation to 
the invention is of course the capability of receiving and processing signals transmitted 
from an electrj.cal cable 1,4.5,6. Therefore, the different parts of the robot are in fig. 3 
10 only shown schematically. The treatment is further described in relation to the functions 
of the robot, see below. 

In fig. 4 and 5 the field picture of the magnetic fields is shovwi, which fields are 
generated around the cable through which an electrical cmrent is transmitted. The 

15 principal is that the switching current sent produces a magnetic field around the cable. 
The field intensity' further decreases with the distance from the cable, see fig. 4. in the 
figure the vertical field is shown in different pomis at a circular cable. Please notice that 
the steep slope in the roiddle part of the curve relates to the fact that the part of the 
magnetic field that ;the sensing system detects at one moment changes direction. This 

20: means that at a certain mDment a magnetic field on one side of a cable is directed in an 
opposite direction in relation to a magnetic field on the other side of the cable. This 
means that the robot will detect a change in field direction when it moves in relation to 
the cable and crosses tiie cable. 1. This also means that the sensing unit II, 12,13, b}' 
which the robot detects the magnetic field, wdll recognize that the robot crosses a cable 

25 1,4,5,6:. In fig.. 4 a horizontal line is :Shown through which the jaiiddle part of the graph 
passes. This line illustrates the zero cross point and therefore also the change in the field 
direction. Tlie line also indiGates the position of the cable. 

Tne search svstem. 11.12.13 is capaoie of ahowmg the roooi to partly cross the outer 
30 caDie i. tiiereov cnaDling me robOT to operate a: tne surface lust outsiae tne. cable;. 3\- 
allowing me receiver i i to pass me cable and men coimt me w'lieei mms for insiance 
usmg a wneel turn sensor (not snov,aii. me roDOt can move a uttie oistanee outsiae tne 
eaoie 1.4.5.6. Usmg the countmg of wheel turns and/or magnetic fielc aetecuon. xm 
sensing system ao.e ic gmce tne roDC oaci. tc tne aiea msiac 'v^nich :t snouL 
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operate,. The last movem^ is not shown in fig. 8.: Sueh, a detection of fee magnetic 
field used in order to guide the robot back means, as: ea'iier disclosed, that the sensing 
system 11,12,13 detects when die magnetic field changes direction. Since the magnetic 
field on the opposite sides of the cable have an opposite direction, die sensing system 
5 can recognize if the robot crosses the cable and furthermore, if it has a reference signal 
know on which side of the cable it is positioned. Thereby, the robot can be directed 
towar-ds the wanted side of the cable. Of course this recognition md navigation can be 
achieved disregarding which of the disclosed cables 1,4,5,6 it navigates m relation to. 

10 Fig. 5 shows a schematic view of fotir electrical cables 13 - 16. The current flows away 
from the reader of the vie"v\", which causes the magnetic field around the cable to have 
the direction shown m the figure. More details according to the figures will be described 
down below in relation to fig. 1 and 2. 

15 Now referring to the figures, the functions of the cable 1,4,5,6 and the signal generators 
3,7,S shall be described. The principle is that the signal generator transmits an electrical, 
ctroent through each of the cable, respectively. The current generates a magnetic field 
around the cable, which is shown in fig. 4- 5, Since the electrical cable has mduciive 
properties, a current ptilse originated from a voltage pulse sent through the wire will be 

20 delayed. This means that it will take some time before tiie current corresponds to tiae 
definition of Ohms law, ;(I=U/R). The emxent pulse will have a rising cun^e with a 
substantially exponential^ shape and fin^y reach the value according to said law. This 
means that during the beginning of every new voltage pulse, the search system Will at a 
first period not work as in regular electrical theories, such as Ohms law. This is also the 

25 situation during the end of a voltage pulse, in which the systemi again shows a certain 
delay. Tnis is further illustrated m fig, 10, which will described more in detail later on. 
The inductance of an eiecrricai cable depends on its length, how it is positioned and the 
shape of the cable., Electrical ca;bies positioned near each other actuates die inductance 
of each cable. The knowledge of how^ the inductance is actuated is important to keep in 

30 mind in order lo. understand how the. search system, works. 

The search sj'Stem operates by transmitting current pulses through the curreii: cables 
1.4,5.6 as pans ofthe present system. The pulses, see ng. 2, has a lenph of 50 as or IOC* 



lis. The defined pulse lengths of the pulses :Shouid not been seen as a limitation of the 
scope of the invention. The mentioned lengths therefore only represent suitable values 
for the illustL-ative embodnnent. Mosi essential is that the search system operates mth 
characteristic current pulses bem^een which the current is in a state of rest. A person 

5 skilled in the art will understand that the invention, as disclosed in the present 
apphcation, also comprises the cases where the percentage relation between those time 
periods where a, current pulse occurs md those periods where no pulse occurs can differ 
fi-om w/iiat is illustrated in fig, 2, The person skilled in the ait also realizes that a system 
v/ith onl3' one cable, through which one signal is transmitted, also falls within the scope 

10 of the invention. Such a system would represent the simplest embodiment within the 
invention. 

The current pulses :are traiismjited by the signal generators 3,7.5.8 using push-pull with a 
voltage betv^^een the poles of 40V, Push-pull means that the poles^ are switched during 

15 everj' current pulse, which causes the peak-to-pealc value through the cable to become 
larger than if oni}' one regular 40V pulse was used. The reason lo use peaic-to-peak is 
that the current intensity is important in order to generate a magnetic field which the 
receiver 1 1 can detect. In some countries .search systems like the one illustrated here are 
not allowed to use a voltage of more than 40V. If the s^^stem has a high inductance there 

20 is a risk that the intensits? of the magnetic field will become to low when a SOus pulse is 
used and therefore will not be detectable by the sensing system. Instead of increasing 
the length of the pulse, v/hich would cause increased energ}' consumption and a risk of 
interfering magnetic fields from the same search system, pusb-pull could be used. In the 
illustrative, embodunent the use of push-pull will result in a current intensity of 1 - 2 

25 Ampere. 

Fig. 9 shows the result of a push-ptill. The total duration for the current pulses 40 - 42 
ccrresponds witii one current pulse in title search system. The first 40 and the last 41 
voitase pulse in the upper diagram are transmiiied out into the cable havmg the same 
30 poIariB'. Between said first and last voltage pulse the poiarit\^ is s-vs'itched causing the 
middle voltage pulse 42 in the same upper magram to be u-ansmitted ^^atia a poiarit}' 
svv'itGhed in relation to the other pulses 4(i-41 . The result of tiiis operation is shown as a 
current pulse in the lowest diagram. The peak-to-peal: value l 44 ha this operation i£. 



twict as large compaiing its vaiue if only one long puise with one poiarity were uses. 
The ciiai-acteristics of the ctiri-ent puise, with slopiag parts, depend on the iaductance of 

the cable. 

5 In fig, 2, shows a principle, the pulse 20 corresponds: to a main puise AO with a length 
of l OOus. The piinciple disclosed in the illustrative embodiment should not be read as a 
limitation of the scope of the invention. Other pulse Isngths are also possible within the 
scope of the invention. The figure shows an idealized view of current pulses 
con-esponding to the unreaiistic situation thai the cable did not have any inductance. 

10 Furthermore, the use of push-pull is not shown.. The period 21 for this view and the 
illustrative eMbodinient of the present invention is 12 ms which coixesponds v/ith a 
feequency of 83 Hz... Between each main pulse there is also room for additional pulses. 
It is obvious for a person isElied m. the art that search systems operating in another 
feequency that tiie one of the illustrated embdcnment falls vvdtbin the scope of the 

15 invention. 

The pulse SI 22 in the figure has a length of 50us, the pulse having the same period as 
AO and incides I ms after AO. Hie time 1 ms is selected because of the amplifier of the 
conteol unit 12, which needs to have time to restore fhsmselvss between the pulses. The 

20 time for restoration depends on the decay of the AO pnise in the couphng capacitors of 
the amphfier. The current pulse S2 24 m the figure has the same length and period as SI 
and incides 2 ms 25 after AO. There is finalh' also a puise S3 36 in tlae figure which has 
the same length and period as SI and S2 and incides 3 ms 27 after AO. The distance I 
ms is always selected depending on tlae decay of earlier current pulses. The pulses ai-e 

25 generated by tile signal generators 3,7,8 ha which generator 3 generates botli AO and Si, 
while generator 7 generates S2 and.generator .S generates. §3.. 

In no 5 four cables 13 - 16 are snown. whicii corresponds to the cables i, 'r. 5, o of fig. 
1 Ismg fig 2 dUC 5 and aLo\^in£ cable 13 corresponding to represent caDie i ?n: so 
30 forda will cause the magneuc neias To - T3 transmittec d: the caoies tc correspci a 
with the current pulses 20, 22. 2^ and 26. TU - T3 tnereby occurs on difrereni pmts of 
time and can be processec at dine enr pmts of time b\ me control umt 12 o: the sensmg 
=5^ stem Tnt: contro unit mereo; car evaluate tne nosmor. of tn= receiving urn: in 



relation to every single electrical eable traiisinittrag a magnetic field. As eaxiiei 
mentioned, this means that the control unit, based on the detection of the characteristics 
of the magnetic field over time, can recognize on which side of a cabie 1.4,5 .6 the robot 
is positioned. The present search system therefore has a major benefit in comparison 
S with, earlier seffiroh systems for instance using continuing ;Sinus waves, -v^hcrt each 
eiectricd ea:ble transmitting magnetic fields interfere with magnetic fields transmitted 
by other current cables. 

Using current pulses is the scope of the present inveniion. Smce the current pulse occurs 
10 dxiring a short time interval, and since the sensing, sj'stem only hstens for ma.gnetic field 
pulses during a lime interval eotresponding to the current pulse, the seaxch system 
11,12,1.3 will be able to sort out nrngnetiG noise that may disturb the operation of the 
robot. Other essences are the creation of short, strong current pulses that dominates over 
the noise and consumes less energy. 

15 

By making tihe current pdses short in relation to the period, the search system mil be 
less sensitive to disturbing magnetic noise :fi-om external sources. By designing the 
system, so fiiat disturbing noise only actuates the system for a short time interval per 
period the S3'stem will operate better. Since the search system, is designed to keep its 
20 synchronizationj unsynchromsed distinrbing noise will not be able to cause troubles for 
the system and "^'ice verse. 

Wilh relation to the figures, title operation of the sensing system Will now be described. 
Fig. 6-7 shows fiowcharts illusliating some of the algorithms feom which the sensing 

25 iihit operates. These relates to the process of the sipals that the cunrsnt pulses in the 
cables generates. The main puipose with the commiffldcation fiom the electrical cables 
1 , 4, 5, 6 to the sensing system 11,12,13 on the robot is to enable for the robot to controi 
Its movements in relation to the cables. These movements and other operaiional aspects 
will be described after the account of the algorithm. The signal gensraiors 3,7.8 

30: seneraLe current pulses 20,22,24,26 m the eiecuicai: cabies, which current pulses 
generates magnetic field pulses that are transnutted from the cables. The receiver 1 1 of 
the sensing system, vmxcri is benig anranged on the robot 1. detects the magnetic field 
pulses. The pulses are detected if the}' exceed a cerraia threshold value.. The threshoie 



ID 

value gives one additional option for the sensing: system to sort out signals sent 
external sources, whicii signals ofen iiave a lo\¥er imensity. 



out from 



The coil of the receiA^er unit 11 generates an inductive voltage e, which has an 
5 instantaneous \'alue being proportional to the time derivative (df/dt) of the detected 
niagnetie field intensitj'. N corresponds to the number of coil turns: 
e = -N*Qc&/dt 

The front and rear edges of the current pulse 20.22,24,26 have the largest derivative 
(slope) and will cause a voltage in the coil of the receiving unit 1 1 with a distmci 
10 voltage pulse at the front edge of the current pulse and a similar distinct voltage pulse 
with an opposite polarity at- the. rear edge of the current pulse. When sensing for AO (the 
ihain. current pulse) the control unit will detect the distinct voltage pulses generated at 
the coil, which corresponds to the edges (flanks) of the current pulse. In fig. 10 this is 
further illustrated. 

15 

This: means that the control unit 12 can determine how long a characteristic current 
pulse, is and how long the state of rest betw'een two eurrsnt pulses is. This is achieved 
since the control unit from an occurring positive voltage pulse determines that a current 
ptiise starts alternatively ends and from an occurring negative (opposite) voltage pulse 

2Q correspondingly determines that a current pulse instead ends or alternatively starts. How 
this is achieved will be described later on. Features which will make the control unit 
invert or amplify ttie signals received by the receiver 11 in order to improve its 
detennination capacit}- are considered to fall within the scope of the invention. The 
invention in its broadest embodinaent comprises a control unit 12 which can detect tlie 

25 voltage pulses and: thereby get a picttffe of the received magnetic fiesid, which 
corresponds to the eombinaiion of current pulses and states of rest for a current signal 
transmitted in a cable L4>5,6. 

The control unit 12 iniuates the algorithm (see fig. 6) .by enabling for the detection of 
30 the franlLS. of the current pulses: transmitted b}^' the signal generators 3.7,S. Vvinch nanlcs 
carries inforTnation about the maaietic puises. The reason is to start detecting the 
appearance of mains pulses AO. 



Whec the voltage pulses of the magnetic pulses 20,22,24,26 have been received, the 
sensing system 11.12,13 defines the distance^ in time betv/een a positive voltage pulse 
and an after i^^^) negative voltage pulse or vice verse. Since tiie sensing system at 
ttis point of time only detects lOOus current pulses, the contrDl unit 12 is enabled to 

5 synchronize, witii the signals from the signal generators.. For safety causes, the sensing 
system starts detecting 3 Dug 29 before fee point of time when the front flanlc of the 
pulse AO should occui, see the lower diagram, in fig. 2, Vv'Tien the control umt has 
rsaused that the pulse occurring is an AO pulse, and -wnsn the unit before this has 
detected another AO puiss, the unit will adjust its^ period based- on the infoniiatioh from 

10 the pulse flanics:. 

Fig. 7 shows how the control umt 12 synchronizes the .sensing system 11,12,13 which 
synchronization correspohds to the cooperation between the robot 2 and the signal 
generators 3,7,8, The control unit continuously detects AO pulses and adjusts its period 
15 based on this infonnation. Suice the control unit only detects pulses during certain time 
intervals, for instance in the window 28:<29 of iig. 2, it is- important that the period for 
the sensing system corresponds with the period for tiae si^al generators, in order to 
avoid thai a disturbing noise AO pulse from an external source should disturb the search 
system, the adjustment of the period for the :sensiag system is made step by step . 

20 

One lonely AO pulse v,dthin the time inten^al of 30us denned by 28 and 29 m fig. 2 
should not be able by its mm m actuate the synchronization of fee sensing system, since 
feis phlse may be a noise signal from, an external system. Therefore fee period for the 
sensing system 11,12,13 is. adjusted based on & part of the divergence between fee 

25 present period calculated by fee sensing system and fee actual period defined by the AO 
pulses transmitted by the signal generators. Therefore, several "true" AO have xo be 
detected before fee period of the sensing system, is fmally adjusted. The risk of several 
disturbmg noise pulses occurring after each other is considered as very lov,'. For safetv^ 
causes the alf orifem will be acdvaced only if fee counted accepted pulses goes down. 

30 The reason is to avoid feat fee sensfeg s^'stem- continuously-' operates ai the wrong 
period.. 



It is important that the period for the sensmg system 1L12J3 is right This is a 
necessai-y condition in order for the signal generators and electrical cable to be able t<5 
communicate with the robot. If the period is wiong the detecting window will 
continuously be dislocated and the sensing system will detect at the \-\Tong time, 
Thereby, the control nnit will not be able to detect any magnetic pulses from tiae 
electrical cable. 

What is the purpose with this communication between the electrical cable L4,5,6 and 
the robot, and why is it so impoitant that this works? The miain purpose is to control the 
movements of the robot in relation to a surface. This means that m the illustrative 
etnbodimeiit, the robot should be able to stay within an area surrotmded b}^ tiie outer 
electried. cable 1 andydr areas stirrdiinded by the electrical cables 45,6. hi the preferred 
embodiment, the signal generator 3 transmits the pmses AO through cable 1. The 
sensing system IL 12, 13 of the robot detects AO and adjusts its period based on the 
ioformation carried by AO (see fig. 6 -7). The fact that AO exists is therefore necessary 
in order for liie conimxmication. 

Since the robot 2 can detect, the field intensity of AO, it will know when it approaches 
the cable 1.. When the receiver 11 has crossed tiie cable 1 the magnet field which the 
sensing system 1IT2J3 detects will switch to the opposite direction, see Eg. 5, The 
control unit 12 will thereby instead detect a negative voltage pulse, when a current pulse 
starts and a positive voltage ptiise when a current pulse ends. The Gharacters chosen, 
positive and negative, on each side of the cable is only mtsnded to illustrate the opposite 
directions of the magnet field. It is verj' much possible that tiie voltage pulses generated 
have an opposite direction, .meaning a positive voltage pulse when a current pnlse starts 
md. a negative positive voltage pulse men a current. pulse: ends. 

Ix fig 1 tie situation .s ckarer Jiu-t-atea In the upper diagram two current pulses 45 
(no pusb-nur shown'i are shown. These cuises nave leamng siaes (fiankb) wnicn 
caused bv and illustrates tne mauetance- m tne caeic. Tms rxie^n.^ tna. tu:: caDi. 
• current sio\^" Wa^n the iodo 2 moves and crosses a caoie tne sensinr Lei 
'./2.i:- viih aetect this a? if th^ magnetic fieiu generatec d\ tne current r)Uise. 
swucne^: dnection Tne pulses 5C illustrateo tr= fielc. dir^c* or aetected O" ^^is sensirc 
s.e- V lei tn^ s -stem ore '^me c tpe oao ^ an- tr.^ DU'-e fr uustra^t; tn. 



detected field direction when the system is on the other side qi said cable. The magnet 
field is indicated as B (measui-ed in Tsssla) and the magnet field pulses 50/50' has the 
same appeai-ance as the cuiTent pulses 45. 

5 In the next diagram below, the v.Qltage in the receiver coil is illustrated. The voltage is 
illustrated simplified as the Voltage pulses 46 - 49 in the diagram. U represents the 
voltage level. The: induced voltage pulse depends on the time derivate of the magnet 
field ivhich was described earlier, and has in reality a more complicated appearance. 
The solid-di-awn Ime voltage pulses 46 - 47 are mduced by the magnet field pulses 50. 

10 The pulses 46 are induced when the ma;giietic field pulse stans at file faeginriing of the 
positive leaning flank of the pulse, and the pulses 47 are kidUced when the magnefic 
field pulse ends at the beginning of the negative leardiig flank of tibe pulse. The broken 
line voltage pulses. 48. - 49 are induced by the malefic field pulses 50\ The pulses 48 
are induced when the miagnetic field pulse starts at the beginning of the negative 

15 (negative since the pulse is negative) leaning flank of the pulse, and the pulses 49 are 
induced when the magnetic field pulse ends at the beginnmg of the positive leaning 
fiani: of the pulse (positive since the pulse is negative). This means that the voltage 
pulses switches, direction when the signd system :crosses the ca;ble. 

20 111 tile lowest diagram in fig, 10, it is illustrated how the sensing system 11,12,13 
generates ('defined as 'T"' in the diagram) a signal based on the occurrence of the 
voltage pulses 46-49. The width of the pulses 51/51 ' gives a simplified picture of the 
situation. The vvddth of the pulses 51/51' illustrates the detected time period: between 
the point of time when a current pulse starts and the point of time when it ends. This 

25 means that the sensing :system knows the width of a ciirrent pulse and the width of the 
time period duruag which fiio pulse occurs. The pulse 51 ' illustrates the fact that the 
sensing system delects that the current ptilse switches dk-eetiofi, when the system crosses 
the cable. 

30 hi the diagram tliis is illustrated by tiie fact that the pulse can be found below .the solid- 
drawn time a^ds "f If the tinae axis is lowered, corresponds .to the broken liae axis. so 
mm. the lowest side of the pulse ST touches the time axis, the sensing s^'-stem will 
instead understand the absence of pulse 51/51 ' as a pulse. See the solid-dmATi line 52. It 
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iniormatiori brought by the voltage pulses. Lowering or raising the time axis is on]}' a 
definition of where the reference is defined aiid does not change the fact how the 
sensing siv'Stem detects the situation that has arisen. 

The ciiaracteristics, as being detected % the sensing system, of the current pulses vM 
tierefore vsxy and depend on which side of a cable 1 ,43,6 the receiver 1 1 is positioned. 
This means that the sensing system when it crosses a cable will detect that the puise 
ratio be^^\'•een time periods when a puise occm-s and time periods with a state of rest will 
change. This change in ratio can be used by the sensing system 1LI2 ,13 m order to 
come to the conclusion on which side of the cable it is positioned.. Tne sensing sj'stem 
will then, based on the signal defined as 'T' in fig. 1.0, generate fiirfhsr signals which in 
the end is transmitted to the motor ifflit 13 in order to operate the robot in a certain way . 

Knowing about tiiis the control unit 12 could operate using an algorithm that enables for 
the robot to stay within area sun-ounded by the outer electrical cable 1 . The unit will, if 
tiie robot moves out of an area, in such cases eontrol the movements of ihe robot so that 
it moves back into the arisa inside which it is intended to operate. Such a rnoveinent is 
shown s& 3Q in fig. 8. One alternative algorithm codLd enable for the robot to show a 
movement according to .31 m fig. S, which means that, the robot moves along an 
electrical cable. The zick-zack movement is in realit}' verj' limited. Using sensitive 
components and a good algorithm, reduces the zick-zaclc behaviour v/hm the .robot 
follows the cable. 

The inventiom as shown in the illustrative embodiment, operates with 1 OOus and 50,us 
current pulses and a period of 12 ms, Another w^y of defining this is an asyonmetric 

durv' cycle. Duty cycle tlien refers to the division betvv^een current pulses as states of rest 
durhig a period of 12 ms. This division or ratio could be expressed as a quota or a 
percent. An asjnnmetric dm}' cycle means that the ratio hetw?een time peiiods with 
current pulses and time periods v,dth states of rest over one 12 ms period difxers from 
50% or I.'T. An asjonmetric. duty cycie means that the division bet\^-een If . only one 
1 QOus pulse occurs during, a 1.2 ms period the diwlsion will be 1 /12:0 or Q.S%. 



15 

As mentioned eariier, the person skilled in the art will realize that the present mvention 
as disclosed in the present apphcation aiso comprises cases where the divisioa can differ 
from the one shown. Since the iliustrative embodiment comprises a signal with aii 
asymmetric duty cycle, the coatrol unit 12 wiU determine a clear change in ratio when 
5 the robot passeis across a cable 1,4,5,6. The control unit will determine that the ratio 
changes from 1/12.0: to 120/1 or correspotidiQgly from. 0.8% to 99.2%. TJie changed 
di-vision obviously indicates ■feat a: cable has been passed. This infomaatioa may be used 
by the control unit 12 in order to navigate the robot kt relatiori to a cable. 

10 The signals S I - S3 22,24,26 in fig. 2 have been mentioned eariier in the application. 
They have a widlh of .50(is not to be confused with the 100 p,s AO that the sensing 
system uses to synchronize wiUi the signal generators. The SOiis pulses have the same 
period 21 and are synchionized in relation with AO, and if the sensing system detects 
their appearance (the detecting can be adapted for the number of electrical cables used) 

15 it can open detection windows 28 in order to receive these. The pulses SI - S.3 are not 
used when syncirroniziag the sensing system in relation to the signal generators, 
rnerefore, the only information necessary from these are the dhection of the detected 
magnetic field and its intensity. One &st purpose ^dth these 50|is pulses is to enable for 
the robot to move aiid navigate in relation to other electrical cables 4, 5, 6 than the outer 

20 cable 1 . 

In fig, 8 this for instance: means that an algorithm working with S2, transmitted thi-ough 
cable: 5, will operate the robot, to navigate in a ceftain motion represented by 32. The 
algorithm will| ma^ sure that the robot follows the cable in a cert^ chrection, The 
25 algorithm can for uistance be used if the signal generator 7 is also equipped with a 

charge station for the batteries of the robot. The robot would, using another aigorithrri, 
listen for S3 and move within an area surrounded by the ■cable 6, see movement patri 33, 
This could be useful if a certain area reqidres. higher intensity of treatment for instance 
cuttmg if it refers to an auiomatic iawnmower. ■ 

3C; 

in order to enable for the sensing system- to decide ■which algorifmn it should -use when 
ii detects signals, more pulse signals could be usee. Since the period for the sesrcc 
s\^tem is 12 ms and the time inter\'al for one pulse is oniy 50 - 1 OOus. there is pleniy of 
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room left for mote pulses. Using anothex signal, for instariGe- SI, enables for tke searGh 
system to send messages between tht robot and the signal generators. The sensing 
system will listen for SI and each SI pulse then represent a digital number 1 or 0. Using 
a group of eight after each otiier appearing periods in order to transmit a coded SI 
5 message will enable for the generator to activate a certain algoritlmi on the robot. If 
another electrical cable is connected to the: system later on more space in the period can 
be used to transmit further messages irom the signal generator using this cable. One 
example of such a communiGatiOn is when the sensing system 11,12,13, confirms that 
the signal generator actually u-ansniits pulses. TMs guarantees that a power cut off to the 
i O signal generator v-ill not cause any problems. 

Other options could be to allow the robot to transmit signals back to the signal 
generators. By doing this, a two-vray communieation is enabled which can be used for 
various, reasons 

15 

Possible uses for this kind of robot according to the illustrative embodment is for 
treating robots, such as robotic vacuum cleaners or robotic lawnmowers. Such robots 
contain treatment tools such as knives or brushes. In such applications it is possible to 
allow the control unit 12 to operate those tools based on information transmitted by the 
20 signal generators. For instance, the knives may be shut off at certain occasions or 
movements. Other fcuid of robots using the present invention could be cleaning robots 
for wet cleaning of larger floor areas, for instance in industrial environments. The kind 
of robot in which the search system is tised is not that essential, meaning that the 
application eoncems the search s j'stem. 

The iliushrative embodiment relates to a search system with four electrical cables, three 
signal generators and one robot. The task of the illustrative embodiment is to explain the 

scope of the invention. The embodiment should therefore be understood as a Iimitatioi) 
of the m^'-ention, Witiim the scope of the invention also hes the possibilit}- of adaptmg 
30 another number of cables and/or signal generators, and maybe also use more than one 
robot. Further embodiments is considered ro be enclosed by the scope of tht invention 
as defined accordkig to clahii 1. Tne hivsntion is therefore not limited to the above 
mentioned and in the figures iliustraied embodimer^i can instead be used m any area 



within which a ssarch sj^stem for automatic apparatus on wheels such as a robot may he 
used. 



